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PURPOSE OF PROJEGT

a, Investigate possible new circuits which will improve the performance
or simplify the construction of transistor radio receivers.

b. Investigats ways in which the reliability of transistor circuits
can be improved by reducing the effects of variations between
components and by compensating for the effects of temperature,

¢. Investigate new types or improved variations of transistors as

they become available to determine their applicability to radio
raceivers or transmititers.

PROJECT STATUS

A new type AGC circuit was investigated. New types of transistors
have been measured to determine their applicability to radio receivers
and transmitiers.

SUMMARY OF WORK DONE THIS PERIOD

Several new types of transistors were measured to datermine their
applicability to radio receivers and vransmitters.

Power Gain Current
(db) Gain
Transistor L55Ke Lde lJKe  1Mc
SX1.60 25 9
Texas {90LA 25 9 sh 13
Instr. (904 24 5 28 3
Hi=freq. {901 25 7 24 6
Siticon
2J6 (Ceneral
Elesctric Germanium
Grown Junction) 4 23 3 33 L

Class C Amplifier & in Colpitts Oscillator
Fower Output 1lector Effici
Texas Instr. X=15 put  Collector Efficiency

(medium power silicon) 21 2 200 mw, Log
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DETATLS OF WORK DGNE THIS PERIOD

1,

Texas Instruments Hi
Transistors Types 901

gh Frequency
, and 9

, 00k

Silicon Grown Junction

Thres types of Texas Instruments silicon grown junction transistors

were measured for (a) power gain,
ance, and (b) short-circuited curr
and (c) saturation resistance and
made at both room temperature and
were four 901's, three 904's and four 90LA ts,
Figure 1 shows the maximum, median and minimum val
input resistance and output resis
These transistors are in metal
frequency gain, 1

Table 1 shows which characteristi

plotted in Figures 2 to 10,

Tasts were
The transistors measured

ues of power gain,
tance of eight SX160 transistors,

0030002-4

=D

input resistance and output resigte
ent gain, as functions of frequency,
(d) leakage current.

=45% ¢,

cases and they showed quite good high

°8cp 25 db at US5Ke and 9 db at L

Mco

c¢s of the silicon transistors are

TABIE I
% Pa
Transistor{ P.G. Rin Eo s 82 a
Figo# Type VSoFrSQO VSoFI‘EQo VSaFreqo vsoFreq° VS»FI‘SQo 905KC~ Rs
2 9Cka x
3 50ba x
4 90ua 3
5 90y X x X
) SOL X
1 901 x
8 901 X
21901, 90k, 900a | — X
10 lom ool oniay x x

P.Go

Rin
Ro

= Power Gain
= Input Resistance
= Output Resistance

B} and By = base to collector
short circuited
current gain

Rg = Saturation Resistance

All curves are plotted for values at room temperature and at -45%¢,
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8., Power Gain, Input Resistance and Output Resistance

Power gainwas measured with input resistance matched and output con=
jugate matched, From Figures 2, 5 and 6 one can see that at L5SKe
the power gain of the silicon transistors is comparable to that of
the SX160ts. From 1 Mc on, the 904A’s are about equivalent to the
SX160%s while the 90L's are inferior and the 90l's are somswhere in
between, A significant fact is that at -45°C the power gain of the
silicon transistors does not vary much from that at room temperature.
The average absolute deviation is 1.1 db,

The input and outpuil resistences of the silicon transistors are
plotted in figures 3, L, 5, 7 and 8. In general the input resist-
ance of the silicon trangistor i1s higher and the output resistance
is lower than those of the SX160%s. These reistances in most cases
are lower at =45%C than at room temperature.

bo Power Gain at 9.5Ke and Saturation Resistance

The power gain at 9.5Kc¢ and the saburation resistance for the silicon
transistors are plotted in figure 9. The power gain was measured in
a matchsed condition. It is from 5 to 10 db better than that of the
SX.160 1 Se :

The saturation region of a transistor is the low voltape=high current
region in the collector characteristics diagram where the a-e¢ cure
rent gain is essentially zero. The saturation resistance is the
collactor~to-emitter resistance determined by the minimum voltage for
any given veltage in the saturation region, The saturation resist-
ance is measured with a fixed collector supply voltage and load
resistance, viz. 12v., and 1000 ohms respectively.. The bias current
is increased until the collector current reachas saturation. The
resistance is then determined. Thisresistance ranges from 180 ohms
to over 800 ohms for the silicon units as compared to about 10 ohms
for the SX160's. The resistance drops about 30% going from room
temperature to -450C.

€. Base to Collector Short-Circuit Foxrward Current Gain, ﬂh

#, was measured at 1 ma. collector current and £2 at 10 ma for the 90l's
and 90LA’s, and § ma. for the 90L4's, The collactor voltage was 5v. at
all times. The results are plotted in figure 10, They show that at
low frequency (up to 10Ke.) s drops about 30% to 50% going from room
temperature to =45%C. At higher frequencies the deviation is increas-
ingly less. For some low /5 values (3 or below) &£ is even slightly
higher at the cold temperature than at room temperature.
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Leakage Currents = Igp and Iqo

The silicon units showed negligible I,y and Igo at room and cold
tempe ratures,

General Electric Germanium NPN Grown Junction Transistor Type ZJ6

Three General Electric npn type ZJé grown junction transistors vere
measured for powsr gain, input resistance and output r esistance as
fanctions of frsquency both at room tempesraturs and =h5°C. The results
are shown in fipure 1l. From these results it seems that the ZJ6's

are equivalent to the 90L4's at room and low temperatures,

Six ZJ6%s were tested for 5 at Vo = 6v. and I, = 1 ma, Measurements
were made at frequency of 1XKe, 10Kec, L45SKe and 1 Mc and at temperature
of =450¢, 259G and 80°C. The results are shown in figure 12, They
show temperature and frequency characteristics similar to the silicon
units. A& increases about 50% going from 25°C to 85°9C and drops about
507 going from 25°C to -L59C at low frequency. At higher frequency
the change is less definite depending on the particular transistor.

The six units in (b) were measured for Iy at 80°C. Ig, and Iy, ranged
from 13pa to TOpa and from 0.7 ma to over S ma at 6v. collector volt-
age respectively. However, at a collector voltage of 15v, five of the
gix unite failed,

X=15 Silicon Junction Transistors

A number of preliminary investigations have been completed for fiva
Texas Instrument type X=15 silicon, grown junction, npn transistors.
These transistors have been characterized as medium power audio

units by the Texas Instruments Co. - They are rated at 1 watt collector
dissapation at 25%2C with heat sink and at 1/2 watt at 85° with heat
sink,

The units were evaluated from small signal power pain, input resist-
ance and output resistance as functions of frequency. V. and Ie
were 12 volis and 1 ma. respectively. Power gain was measured with
the transistors operating in the common emitter stage. The input
‘wag resistance matched and the output conjugate matched. The results
are shown in figure 13,

All of the units show sgiall signal power gain in excess of 20db at
L50 kilocycles. 1In each case power gain falls off at the rate of
6db per actave. As compared with SX-160%s and 9UL*s the matched
cutput resistance is high; in excess of 25 kilohms at 450 kilocycles.
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The input impedance for shorted output was measured over the frequency
range from one kilocycle to 6 megacycles., The values obtained in

the audio range are unusually high for the measured current gains,

The input impedance falls off with frequency but fails to level off
the highest frequency measured. This bshavior is similar to that
demonstrated by the type 90L silicon transistors. These results are
shown in figure 14, ‘

The I, vs. I, characteristics were obtained for the X-15 silicon trans-
igtors, Typlcal results are shown in figure 15 and figure 16, The

droop in the curve of figure 15 shows the fall-ofl of £, current gain from
baze to collector, characteristic of junction transistors at high cur-
renl, levels. Three of the units demonstrated an apprediable;?-fallwoff
associated with lowering collector voltages. This occurred for current
and voltage levels of about 10 ma. and 5 volts respectively as schown

in fipure 16, One unit showed a tendency toc break down into heavy cone
duction from high current levels,

The performance of an X-15 silicon transistor in a Colpitts oscillator
and in a tuned power amplifier was investigated. In both cases a
power output of 200 milliwatts with 404 efficiency was obtained at
1450 kilocycles.

These results are evidsnce that the X-15 is a transistor with a conm-
paratively low resistance in series with the base lead, but with
resistance and capacitance elements in series with the emitter and
collector junctions. This would account for the input impedance which
is, initially high, but which fails tc level off at high frequencies,
It also serves o explain the loss of current gain at high current

and low collector.voltage which is responsible for the low efficiency
obtained with the power amplifier.

In spite of the comparatively low efficiency obtained with the X-15%s as
power amplifiers, the overall performance has been quite encouraging.
These transistors have proved to be able to take considerable abuse

in temms of high collector dissipation and high collector voltase.

Also the low rppt (resistance Iin series between the base lead and the
"intrinsic" transistor)® is very important in realizing the full capa-
bilities inherent in the device. In particular (low) rpht is much

the more significant parameter in determining the maximum available
power gain as contrasted to,&i the short circuit current gain.

The registance and capacitance elements in series with the emitter and
collector leads are believed to be associated with the connection be-
tuween the external lead and the silicon of the transistor. These
elements reducs the power gain and limit the efficiency of the transistor.
However, there is no reason to doubt that they can be significantly
reduced or eliminated by further deveiopment and improvement of far
fabrication techaiques.

% Lo.d. Giacoletto, "Power Transistors for Audio Output Circuits,®
flectronics, January 1954, PP, 1hL-1L48.
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